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gss££sUw e ! a ! es,o ,he us. of .he method and/or of the apparatus. 

p^l.,.,...^ of the Invention 87/04900). lo 

Warned for animal identification is already known (WO 87/04900) 
2^ me marking element een^m^ a tubelet tha, can be tmplatrted 
„ danism and is pipped with elements achieve a transpond 

Ion so mat the marking elements stored, for e*am P .e, on a mtcroch.p, can h 
loated from outside h y electromagnetic waves. However, such appara.use 
ITo su.tab.e in some anima, imaging methods, such as the appbeau n 
ZZ* resonance (MR), since in this case the marking code can east., he 
changed. and the result of identification is fals.fted. 

[0004L,, is a.so general., known, moreover, for organisms, chiefly anima,,. he 
^7 wi ,h marking Cements tha, have as marking code senes of numbers « 
Zn ,ha, are optica,,, dereced by me human eye and inpu, manually u» - 
I on device However, reading and inpu, errors often occur in me case o, ,h. 
llo and so .here is a iack of accuracy in identification. Moreover, «ua memod 
human parricipation. The identification a.so las.s a re.atively long „me ,n 

this case. 
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th P case of metal ear clips that 
■BU«— " ~ C Trf « sbeep. Tne same 

- ^ :::'!*:< si - * - - - * - — 

problems arise m the case m 

„ to p applied darectly to organisms such as rn.ee. 

* — ° f ^^^^ 

me ,hod and/o, ^apparatus accurate animal 

design. THe 

identification in conjunct™ w.th 1 J _ observa tions 
.Movement ef d* object is to*— chtefi tn * ease^ y, ^ 
of progress of experimental annuals in btotogtcal, medrca. 
JJ, wnere nonambiguity and speed are of ft. essence. 

eteH*vi<*-w&~egH^^ v. A - „*. of the invention are 

text belonging thereto. 

...^taW* in P—, numerous reg.0 s w* J^^^ 

- — — ' mi: r ni rzz^z** 

contrast w^tp_so-called bar codes, ^ 

. t hut wherein use is made 01 umj 

rcgi0 „ S are certainly present, *»4tB— criterja cm be , for 

example, gray-scale vaiue*. so _ C alled "gray-scale 

values" are determined by the intensity 
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and /or diffraction of light at the surface of the marking element regions. In other 
II at! arisen I made of the revive brightness of the relevant reg.ons 

^ code, the wavelengths of the electromagnetic waves reflected, 
or refracted at the surface of the regions are compared w lt h one another. Here, the 
sion "optically detectable" is to be understood in the widest sense: , 
expression u F pvtends to wavelength 

incudes not onVy <he light visible to humans, but also extend* 
regions, sucb as IR and U V wavdength regions, that can certamly be dented by 
an optical sensor bat not by the human eye. 

roos^The regions are preferably in the shape of strips or rings, bur can also have 
other configurations in two-dimensional and three-drmensional extent. 

mm It is prefer ,0 use sensors in the form of a CCD camera for the optical 
detection. 

,0,11, Encoding by different gray-scale values is to be recommended. In order to 
the detection, a specific encoding should afways inciude aU the Afferent 
brightnesses exactly once in each case. This can be performed, for example, by a 
S1 „gle permutation of the brightnesses and the assignment of preosely one 
permutation to a specific identification number. Thus, 

N! = lx2x3x...(N-l)xN 



encodings are possible with N brightness. With seven brightnesses, tha, is to say 
N = 7. the result is N! - 5040 different encodings. With eight gray-scale values, the 
number increases to 40320 encodings. 

room Anft e advantage of such encoding eo^resid^in this case in that, on 
J^nHand. the regions or fields of different brightnesses mutually dehnut 
themselves (since two fields of er.ua. brightness can never be suuated 

i 
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contiguously).^^ the other hand the brightness values need not be exactly 
determined but rather the N brightness values need only be ordered. 

r 00131 According to another alternative ^^rn^of the invention, N-valued 
number systems can be encoded from N brightnesses; with N brightnesses and m 
pl aces, it is therefore possible to encode N*» numbers^eiMnJL^d^ 
inteeers For m = N, 823543 encoding numbers would result in the case of seven 
brightnesses, and as many as 16777218 would result with eight brightnesses 
However, this alternative complicates the evaluation, or requires additiona 
delimitations between the individual regions or fields (since in this case juxtaposed 
places of equal brightness cannot be excluded), and this influences the products 
or size of the overall identification. 

At least four, even better at least six, different criteria, such as brightness 



values, should be distributed over the regions. 



r0014]However, all brightness encodings are conceivable in principle, specifically 
preferably those which mutually delimit themselves and can be evaluated as 
robustly as possible. 

[00151 During identification, the optical detection and evaluation by machine, that 
1S to say the optical determination by machine, of the marking code is preferably 
performed fully automatically^wi^^^y^the detection of the marking 
element as such can also take place partially semUautomatically by, for example, 
an operator using the computer mouse to draw a region that is as constricted as 
possible, for example a rectangle, over the part of the image of the organism in 
which the marking element is expected ^, whereupon the remainder of the 
process of finding the marking element and the marking code canjhen goes ahead 
automatically. However, it is preferred to carry out fully automatic detection and 
evaluation in the case of which image processing software independently detects 
the marking element and its marking code on the basis of characteristic features 
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such as edges or homogeneity patterns. 

mm T he evaluation is also expediently performed fully automatically. In this 
tsTuse is preferably made for the purpose of encoding of the ••edge" brightness 
gradient between neighboring regions^** Jhii U strongly expressed at the 
borders of the regions or encoding fields, but is. by contrast, expressed rather 
weakly and non-directionally in the background image i _Furrt^^.Mseven 
almost no. expressed a. all within the encoding fields themsc.ves. k ts 
recommended to cany out after this detennination a smoothing of the signals and 
then a binarization of the gray-scale values. 

room I t is, moreover, expedient when coherent, homogeneous foreground regions 
obtained therefrom are combined to form fixed units. Efficient processing of 
binary images is expediently performed by run length encoding, as a result of 
which coherent foreground regions can be calculated and detected very quickly. In 
some circumstances, these need to be post-processed, for example subsequently 
smoothed, separated and combined, in order to conform with specific geometneal 
considerations and to remove possible interference from components of the 
background noise or image noise. 

100181 D etails on this are explained in further detail with the aid of the drawing. 



r00 l91 T he regions or "encoding fields" used for the marking codes can, however, 
also be separated from one another by other image processing methods. Suitable 
for this purpose is segmentation in the case of which predeterminable image data 
properties of the segments are used to segment the detected image data, coherent 
regions are formed by m^way_of an assignment of the segments with the aid of 
predeterminable assignment criteria, coherent regions are filtered and, finally, 
coherent regions are analyzed with the aid of predeterminable analyzing criteria. 
More precise details on this are described in the literature, The segmentation of the 
image data can be earned out, in particular, by applying the watershed algorithm, 
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by means of region growing or by binarization. 

r0 02Q1 It is particularly preferred to use annular marking elements as earners of 
the marking cod e. This is ^ because, in the case of a ring, the marking codes are 
visible virtually from all perspectives, as is also further shown diagrammatically 
with the aid of the drawing. 

[0021111 is advisable to use a nonmagnetizable material, in particular one made 
from plastic such as PVC, for the marking element. This is done, in order also to 
be able to apply those animal imaging methods in which electromagnetic waves or 
else strong magnetic fields occur, as in the case of magnetic resonance (MR). 

f00221 T he annular marking element eeft&^include. for example,-©* individual 
rings, bonded to one another, of different brightness values or other different 
optically perceptible criteria for the individual regions. However, it is also possible 
to use a single compact ring that can be provided with different regions capable of 
being perceived optically by printing or other machine-based processing. The 
encoding regions should in this case, however, likewise run annularly and 
preferably outside and inside, in order to facilitate the optical detectability from as 
many directions as possible independently of position and rotation of the ring. 

r00231 An embodiment of ff he invention can be used with particular preference 
for the purpose of nonmagnetic animal identification in the case of in vivo small 
animal imaging. Particularly in biological, medical and pharmaceutical research, it 
is primarily small animals that are provided, with newly developed active 
components or drugs, whereupon it is possible either by new imaging methods, for 
example using light in the NIR region, but also with the aid of classical 
technologies such as MR, CD, PET or SPECT and by optical fluorescence imaging 
to determine changes, owing to inflammations or tumors, for example, in specific 
regions of the animal. The observation of the development and temporal change, 
for example, with the administration of the drug to be tested then permits 
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conclusions to be drawn on the effectiveness of the drug. ¥he -An embodiment of 
thejnvention permits fast and accurate identification of the relevant animal, and 
this also contributes to carrying out the series of tests very quickly and accurately, 
as a result of which the development of drugs and testing can be accelerated in a 
relatively simple way. 



BRIEF DESCRIPTION OF THE DRAWINGS 

f00241 E xemplary embodiments of the invention are explained in more detail 
below with the aid of the drawing, in which: 



Figure 1 shows a workflow of the identification method during a small animal 
experiment in accordance with the invention, with only a single 
manual "manipulation" of the marking of a region on the image; 

Figure 2 shows a scale of 6 different "gray levels", that is to say of 6 
substantially rectangular regions of different light reflection from 0 
to 100%; 

Figure 3 shows three different positions of annular marking elements that in 
each case have four annular regions with in each case different, that 
is to say overall four different brightness values, with the gray 
levels 0, 30, 70 and 100% reflection of the incident light; 

Figure 4 shows annular regions found by software evaluation in a specific 
image segment, and correspondingly automatically determined 
gray-scale values, specifically in 

a. with a strip of the gray level encoding illustrated 
schematically in figure 2, 
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b. as a result of the image preprocessing with the aid of an 
edge recognition method and subsequent binarization 
method, and 

c. after further processing of the annular fields found to form 
coherent components, after which the respective mean gray- 
scale value of the components is determined, and 

Figure 5 shows regions or fields and their determined gray-scale values, found 
by the evaluation controlled by moans - way of software, specifically 

a. andb. with further examples of the methods, 

illustrated schematically in figures 2 and 4, 
with the difference that by contrast with 
figure 4 gray-scale value arrangements have 
been permuted and the strip orientation has 
been changed. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

f0025] I n accordance with the workflow or flowchart of figure 1, according to the 
method according to an embodiment of the invention, the animal to be examined is 
removed from the cage in step a and prepared for the examination, for example by 
anesthesia. Subsequently, the animal is brought in step b into the imaging position 
in the imaging and identifying unit, whereupon the imaging and identification 
takes place in step c. For this purpose, in step cl the operator uses the keyboard or 
computer mouse in order to mark the "annular region" manually in the optical 
image in the case of the use of an annular marking element. 

[00261 T he automatic evaluation of the regions of the marking element detected by 
the CCD camera then takes place in step c2 with the aid of its marking codes, 
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whereupon the animal is brought back again into the cage in step d, for example 
after awakening from the anesthesia. 

f00271 The method according to an embodiment of t he invention and the apparatus 
according to an embodiment of the invention ensure that the animal identification 
is performed not only quickly, but also extremely exactly^-. As such,.se-that-there 
is no risk that anomalies in an animal are assigned to a different animal and the 
entire series of examinations (examination of a multiplicity of animals) is falsified. 



f0028L In accordance with figure 2, a marking element 1 is assigned six strip- 
shaped fields or regions (2., 7) each having different gray levels of 0%, 25%, 40%, 
50%, 70% and 100% absorption. As a result, the encoding differs from 
conventional bar codes, in the case of which a plurality of regions are likewise 
juxtaposed in a strip-shaped fashion, but only two different gray levels, in 
particular 0% and 100%, alternate with one another and, for example, the spacing 
or the width of the fields is used for encoding purposes. ¥he-An embodiment of the 
invention therefore differs in principle from such bar codes through the greater 
number of different criteria of the optical characteristics of the relevant regions of 
the marking element. 

100291 In accordance with figure 3, the marking element 1 is of annular design 
and -as already mentioned above - respectively has four regions (2. .5) with 
different brightnesses or gray levels in each case. Here, the different criteria are 
present not only on the outside of the ring, but also on the inner cylindrical surface 
of the ring, and so all the "brightness codes" can be optically detected from many 
different observation perspectives independently of the position and arrangement 
of the annular marking element. The marking element with the regions 2, 3, 4 and 
5 of different brightnesses or gray levels consists of nonmagnetic material, in 
particular plastic, and so MR examinations of the animal are also possible without 
a problem. 
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f00301 T he illustrations of figure 4 are based for the purpose of detecting the 
identification or marking code on a semiautomatic method: the operator firstly uses 
the keyboard or the computer mouse to draw as constricted as possible a rectangle 
on the image representation, whereupon the detection of the regions or fields 2, 3, 
4, 5, 6, 7 of the annular marking element 1 is performed automatically within this 
rectangle. The result of this is then an image corresponding to figure 2 with the 
individual regions 2 to 7 of the different gray levels. In image a, the marking code 
of figure 2 is copied into a background strongly affected by noise, in order to 
simulate an image segment from a realistic laboratory picture. In order to worsen 
the image, noise was additionally added to the result and it was given a soft focus, 

r00311 The result of the image preprocessing is illustrated schematically in 
image b. The annular fields are fashioned and separated from one another with the 
aid of edge recognition methods and a subsequent binarization method. 

r00321 The annular fields found have been combined in image c to form coherent 
components, and the respective mean gray-scale value of the components has been 
determined. The rectangular borders with the numbers 0, 25, 42, 48, 71 and 99 
below them indicate only the rectangular contour of the component but not the 
rectangle itself in which the gray-scale value is determined. In fact, use is made for 
this purpose only of the surfaces found in accordance with figure b, independently 
of their orientation. 

£0033]Jt becomes clear from this that the automatic evaluation approaches the 
actual gray-scale values of figure 2 up to 1%, and to this extent operates very 
accurately in order to exclude instances of mistaken identity and therefore an 
inaccurate measurement result. Of course, correction methods and other methods 
of improvement can also be applied in this case through the inclusion of known 
geometries. Should encodings be used which peimit neighboring encoding fields of 
identical brightness (without dark parting lines), artificial separations then have to 
be undertaken in any case by the processing and evaluation software with the aid 
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of spacing considerations. 

r00341 F urther examples roughly in accordance with the explanations relating to 
figure 4 are shown in figure 5 in the component images a and b; there are six 
regions of different gray levels in each case for the arrangement of regions of the 
marking code shown schematically in figure 2. In accordance with figure 5, as 
well, the gray-scale values determined correspond up to 1% with those selected 
according to figure 2, specifically independently of orientation and pattern of gray- 
scale values of the strip. 

f00351 The invention being thus describ e, it will be obvious that the same may be 
varied in many wavs. For example, the marking element including the marking 
code can be placed on a label, with t he label thereafter being placed on the 
organism. Such and other variations are not to be rega r ded as a de parture from the 
spirit and scope of the invention, and all such modifica tions as would be obvious to 
one skilled in the ait are intended to be included within the scope of the following 
claims. 
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rwnnt nlnimr What is claimed is: 



1 . A method for nonmagnetic identific ation of anprganisms, comprising: 
optically detecting in which -a marking code of a marking element-^ 

provided on the organism to be examined-is detected optically; and, 

evaluatine the detected marking code to for tho purpose of . identifying the 
organism carrying the marking elemen t ( 1), b e vulua io d, o lmrnrtr w rrl in r h nt, 
wherein the- a marking code is uood which i s compo o od of ncludes a plurality of 
regions ^^- includingh avmg-_at least three different optically detectable and 
machine evaluatable criteria. 

2. The method as claimed in claim 1, characterized in th a t whergjn theas- 
optically detectable and machine evaluatable criterion include _-tee-intensity of at 
least one of & e-reflection, absorption, diffraction and/er refraction of lightH» 
particular tho brightness, of rogiono (3..7) of the marking element (1) io uood ao 
marlring cod e. 

3. The method as claimed in claim 1, eharacterizod in that aowherein the 
optically and machine evaluatable criterion the-includg at least one of wavelength 
of-the at least one of reflection, absorption e^anddif fraction of light-and i the-color 
ana7er- fluorescence of regions (2.,7> of the marking elemen t (1) io uood ao marlang 



4. The method as claimed in one of tho procoding olaimo, characterized in 
tbftt claim 1. wherein the differences in at least one of the intensity of at least one of 
the reflection, absorption, diffraction andef brightness of light , and/or tho 
wavelength thereof, or tho color and/or- fluorescence at the borders ("ed ge 
gradients") of respectively neighboring regions (2. .7) _ of the marking element-^) 
is used as the marking code. 
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5. The method as claimed in e»e-ef<:lain» l-te-4, oharactcriaod in thatw herein 
the regions are encoded by a plurality of N different brightnesses. 

6. The method as claimed in eno- of claims l-te-4, characterized in that 
wherein at least one of the regions and/e* region boundaries are encoded by N* m 
numbers, wkh-wherein N and m are integers iib bffgfrtnesfr tutor or rritnrion of thnt 



7. The method as claimed in one of the preceding claims.!, wherein the 
characterized by optical determination and machine evaluation of the marking 
element m -is performed at least semi r automatically, and wherein the optical 
determination and machine evaluation of the marking code is performed fully 
automatically. 

8. The method as claimed in claim 7, characterized in that u^erein, for the 
purpose of fully automatic determination, the edge gradients of neighboring 
regions of the marking element-fH are optically determine d, if appropriate, 
s moothed and binarieod . 

9. The method as claimed in claim 8, characteriz e d in that the wherein 
foreground regions belonging to at least one of a component andei^e a criterion 
are combined to form fixed units. 

10. The method as claimed in claim 9, characterized in that wherein the 
combination is undertaken by run length encoding, 

11. The method as claimed in one of the - prec e ding claims_J,, wherein 
characterized in that image data are segmented into segments with the aid of 
predeterminable image data properties, in-tha *wherein coherent regions are formed 
with the aid of an assignment of the segments with the aid of predeterminable 
assignment criteria, wherein in that coherent regions are filtered, and m 
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th ^wherein^ mftBy; coherent regions are at least one of analyzed ander evaluated 
with the aid of predeterminable analytical criteria. 

12. The method as claimed in claim 11, characterized in that wherem the 
segmentation of the image data is carried out with the aid of the watershed 
algorithm. 

13. The method as claimed in claim 11, characterised in that ujierein the 
segmentation of the image data is carried out by means of-region growing. 

14. The method as claimed in claim 11, charact e rized in that wherein the 
segmentation of the image data is carried out by binarization. 

15. The method as claimed in one of th o p r ec e din g - claim__gl, wherein 
charact o riaod in that a CCD camera is used for optically detecting the marking 
code. 

16. An apparatus for identifying an_organisms? ~ includfr aving a marking 
element (1) that to to bo provided on the organism to be examined and has a 
marking code , comprising: 

and having a sensor for optically detecting #*e-a_jnarking code of the 

marking element; - and 

alflo having an evaluation device for evaluating the detected optical signal, 

in particular for a method as claimed in one of cho proooding oleums, characteriz e d 
by tho provioion of an wherein the marking element is an annular marking element 
f 1) having including at least one marking code , the marking code that is oompoood 
e fincluding a plurality of regions (2..7) with numorouo different optically 
detectable and machine evaluatable criteria. 

17. The apparatus as claimed in claim 16, characterized in that wherein the 
annular marking element includes (l) conoiflta of a nonmagnetizable material. 
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18. The apparatus as claimed in claim 17, characterised in that wherein the 
annular marking element (1) oonoioto of inchides plastic , in portioular PVC . 

19. Tho uoo of thoA method aa claimod in one of ckums 1 to 15 and/or of the 
apparatus as^Iaimod in ono of oloima 16 to 1 8 for in vivo small animal imaging 
identifying identification animalo in tho oqqo of in vivo s mall animal imagin g J jising 
the apparatus of claim 16 . 

20. The method as claimed in claim 1. wherein the o ptically detectable and 
machine cvaluatable criterion include brightness of regions of the marking element 
as the marking code. 

21. The method as claimed in claim 2, wherein the di fferences in at least one of 
the intensity of the reflection, absorption, diffraction and brightness of light and the 
wavelength thereof, the color and fluorescence at th e borders of respectively 
neighboring regions of the marking element is used as marking code. 

22. The method as claimed in claim 3, wherein the di fferences in at least one of 
the intensity of the reflection, absorption, diffraction and brightne ss of light and the 
wavelength thereof, the color and fluorescence at the bord ers of respectively 
neighboring regions of the marking element is used as mar king code. 

23. The apparatus of claim 16, wherein the mark in g code includes a pl urality of 
regions including at least three different optically detec table and machine 
evaluatable criteria. 

24. The apparatus as claimed in claim 17, wherein the annular mark ing element 
includes PVC. 
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25, The method of claim 1 , for in vivo small animal imaging identification., 



26. An apparatus for identifying an organism including a marking clement, 
comprising 

sensing means for optically det e cting a marking code of the marking 



element; and 

evaluation means for evaluating the detected optical sipnal, wherein the 



marking element is an annular markine element including at least one marking 
code, the ma rkin g code including a pl u rality of regions with optically detectable 
and machine cvaluatable criteria. 



27. The a p paratus as claimed in claim 26. wher ein the annular marking element 
includes a nonmagnetizable material. 

28. The apparatus as claimed in claim 27. wh erein the annular marking element 
includes plastic. 

29. The apparatus of claim 26. wherein the marking cod e includes a plurality of 
regions including at least three different optically de tectable and machine 
evaluatable criteria. 



30. The apparatus as claimed in claim 27. wherein the annular marking element 
includes PVC. 

31. A marking element for placement on and identificatio n of an organism, 
comprising: 

at least one optically detectable marking code, wherein the marking 

element is an annular marking element for placement on the organism and wherein 
the marking code includes a plurality of regions with optically detectable and 
machine evaluatable criteria. 
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32. The marking element of claim 31. wherein t he marking code includes a 
plurality of reeions including at least thr ee different optically detectable and 
machine cvaluatablc criteria. 

33. A label including the marking element of c1aim_3_l ■ 

34. A method for nonmagnetic identification of an organis m, comprising: 

placing a marking element, including an optically detec table marking code, 

on an organism to be examined, wherein the detectable marking code is. 
evaluatable to identify the organism, and wherein the marking c ode includes a 

| plurality of regions including at least three different optically detectable and 
evaluatable criteria. 

35. The method as claimed in claim 34, wherein the optically detectable and 
evaluatable criteria include intensity of at least one of reflection, absorption, 
diffraction and refraction of light. 

36. The method as claimed in claim 34, wherein the optically and evaluatable 
criteria include at least one of wayelength of at least one of reflection, absorption 
and diffraction of light, color and fluorescence of regions of the marking element. 

37. The method as claimed in claim 34, wherein the differences in at least one 
of the intensity of at least one of the reflection, absorption, diffraction and 
brightness of light, wavelength thereof, color and fluorescence at the borders of 
respectively neighboring regions of the marking element is used as the marking 
code. 

38. The method as claimed in claim 34, wherein the regions are encoded by a 
plurality of N different brightnesses. 



39. The method as claimed in claim 34, wherein at least one of the regions and 
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re gion boundaries are encoded bv N m number s, wherein N and m are integers. 
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Abstract 

Method and apparatus for nonmagnetic) idontifioation of organi s m s , and use of the 

For the purpose of more accurate and more rapid nonmagnetic identification of 
organisms by means- way of a marking code on a marking element-^ that can be 
provided on the organism, use is made of a marking code. The marking code -the* 
is composed of regions with numerous different optically detectable and machine 
evaluatable criteria. Ir-in this case, annular marking elements £B-made from non- 
magnetizable material are preferred. 
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Figure 2 



